Seed analysts have long been interested in mlletho(ls of mleasturiing the germinability of seeds without the niecessity of a rolutinie germination test, partieuilarly when dealing with dormant seeds or with seeds requiring a Iohig period for the completion of a test. Even with seecds that can be tested in a week or 10 days it is often desirable to klnow within a day the general conidition of a seed lot. This is especially important in the fall season when it is niecetssary to know whether or not an early killing frost has caused damage to the seed crop of corni, sorghum, and soybeans.
were received. With the assistance of the juinior authors a series of tests was unidertaken with seeds of corn (Zea mays), barley, (Hordeum vulgare). oats (Avena sativa), wheat (Triticunm aestivtum), buckwheat, (PFagopyron esculentunm), cotton (Gossypitm herbaceum), pea (Pisumn sativ urn), rice (Oryza sativa), sorgo (Ho;lcus sorghum), soybeans (Soya max), veteli (Vicia sativa), anid Bahia grass (Paspalum natatum). Procedure The use of the tetrazoliuiimchloride test for coril, barley, oats, rye, and wheat as described by LAKON (11, 12) consisted of soaking seeds to be tested in water for several hours to permit absorption of water and initiation of germination processes. Following the soaking period each seed was bisected longitudinally through the center of the embryo so that each half had a part of the plumule and the radiele. Olle half of each seed was then placed in a Petri dish and a 1% solution of tetrazoliumehloride poured over the cut seeds until they were completely immersed. The dish was kept for 2 to 10 hours in a dark cabinet at room temperature. At the end of the immnersioni period each half seed was examinied to determine the degree to which the parts of the embryo were stained carmiine red. LAKON (11) stated distinet staining of the vital parts of the embryo was evidenice of ability to produce a normal seedling. For cereal seeds he concluded that if both the embryo and the scutellum.stained carmine red, the seed would be strolngly viable. His criterion for seeds of corn (12) was unusual, for he did liot consider the primary root in corn absolutely essential to the production of a niormal seedling, especially if secondary roots were produced. His view coincides with that of PORTER (16) and also with a report of the Committee on Standardized Tests of the Association of Official Seed Analysts (17) . LAKON (12) observed that in the region commonly referred to as mesocotyl, buds were prodtuced oli the sides of the region between the pluinule and radiele andc that in viable seeds these struietures stained carmine red, developing into secondary roots. He conclulded, therefore, that viable seeds of corni were those which have stained: (1) the entire embryo anid scutellum, (2) all parts of the embryo anid scutellum including the lateral buds in the mnesocotyl reg,ioi, but not the radicle, or (3) the entire embryo, but niot t:he scutellum; he doubted that all seeds of this group were included among the normiial seedlings. In g,eneral, it was his belief that a seed possessed stronger vitality if the scutellum stained.
Lakon's procedure was followed with the exception that the concentratioiis of the soluition used were 1%, 1%, and 2% for two kinds of seed, an(l the length of time for presoaking anid immersioni in the tetrazoliuim salt solutioni was varied for some kinds of seed.
Seed samples used were tested in the Iowa State College Seed Laboratory.
In all cases a germination test was made by approved methods to comiipare with the color test. This paper reports the results obtainied with the use of tetrazoliiunmlchlo-15)0 ride as a staining solutioni of the embryos of viable seeds in which germinatioii processes have beeln initiated. Results CORN For the initial studies with corn a samiiple with a kiowlin germinability of 98%/ uniider favorable conditioins was selected. Seeds were soaked in water at room temperature from 5: 00 P.M. to 8: 00 A.M. the followinig day. Two lhundred of the soaked seeds were then cut longitudinally through a median line perpendicular to the embryo side. Care was taken to split the plumule alid radiele. One half of each kernel was saved anid the entire set of 200 halves covered with a 1%/o solution of the tetrazoliumehloride. The Petri-dish container was immediately placed in a dark cabinet at room temperature. At the end of 15 minutes a faint pilnk coloration was noticeable in the embryo region of many seeds. At the end of 2 houirs the entire number was examined anid 99% showed bright carmine red, not only in the embryo includinig the plumule and radiele, but also in the scutellar regioni. The following day 400 miiore seeds of the same lot were soaked overnioht anid dipped in boiling water for 5 minutes. Two hundred were then sectionied, covered with the tetrazolium solution, and kept for 8 hours in the dark. No embryos chang"ed color. The remaining 200 seeds were planted in sand, and none germiniated. This preliminary test indicated that the tetrazoliunm solution was capable of differentiating at least between seeds that were naearly 100%v germinable and those that were 100% nion-viable.
Several additional lots of seed corn produced in 1945 were tested with the samiie solution with results as shown (table I). At the same tinme a 4% solution was used on one lot as well as a 1%r solution. There was no noticeable difference in the resutlts obtained. SMALL GRAINS, SORGHUM, BUCKWHEAT, AND LEGUMES Samples of barley, oats, wheat, sorgo, buckwheat, popcorn, pears, soybeans, and vetch were tested with tetrazolium solution in miiuch the same manner as described for corni. The soaking period, both in water and in the solution, was varied. The seeds of small gyrain, sorgo, popcorn, and buckwheat vwere cut medianly through the lonig axis of the embryo. The seeds of pea, soybean, and vetch were cut between the cotyledons, bisectinlgc the radicle longitudinally. The data ( fig. 1) show that for 3 lots of barley, 2 lots of oats, wheat, buckwheat, soybean, and popcorn there was a close relationship.-between the percentage of stained embryos and of normal sprouts produced in the ordinary laboratory germination test in sand (table   II) .
The tests with sorgo indicated that the color reaction might not be entirely reliable for the seeds of this plant; however, more tests are necessary before proof can be established. Sorgo seed would probably respond in a manner similar to that of corn and cereals. A careful study of the degree of coloration of the embryo, as well as time of soaking in the solution, may result in a refinement of the method.
Seeds of leumes require different treatment than those of grasses. For example, a long period of soaking in the chloride solution results in a coating of reddish stain over the entire flat surface of each cotyledon, and the stain must be rubbed off before the radicle can be examined. Furthermore, there is no indication as to the condition of the epicotyl in peas and vetch seed or of the plumule in soybean seed, primarily because it is difficult to split the plumule or epicotyl longitudinally in the sectioning process. To determine by this method which bean seeds would produce "baldhead" seedlings is practically impossible. The primary root emerges early in the germination of legume seeds and before the epicotyl or plumule shows much growth. This conidition may prevent any practical use of the staining method as a means of determininig the germinability of such seeds. Further investigations are needed before conclusions can be drawn. Figure 1 , 20 x; figure 6 , 12 x; others, 6 x. 1, 2, 4, 5, 6. Sections of Bahia grass, barley, oat, rice, and wheat' seeds. Only those which showed the entire embryo and scutellum with carmine red stain were conisidered viable.
3. Corn kernel-seeds which stained carmine red in the scutellum and plumule regions down to and including the lateral root buds were considered viable. The stain was uiaually present throughout the scutellum and embryo. 7. Pea cotyledon-a section cut betweea the cotyledons and through the radiele. Those with a carmine red radiele were considered viable although no evaluation of the condition of the epicotyl could be made.
8. Soybean cotyledon-a section cut between the cotyledons and through the radiele. Those with a carmine red radiele were considered viable, although no evaluation of the condition of the plumule could be made. 
BAHIA GRASS
Determinationl of viability in seeds of Bahia grass is onie of the most difficult problemis in seed technologv. Recommended procedures are to deliull the fresh fruit seed, to scrape lightly with a scalpel, and moisten with 0.1%o potassiuiii nitrate solution. These procedures are not entirely satisfactory as dehtulling is a very tedious process and niitrate solution usually results in ani abundanice of fungous growth around each seed, makinlg evaluation of sprouting very difficult. Two tvpes of tests using tetrazoliumchloride solution were undertakeni. The first consisted of soaking the seeds from a pure seed fraction in water at 20°to 350 C. for 1 to 7 days. At the end of each day 3 lots of 50 seeds each were removed, sectioned, and soaked in -!%, 17%, and 2%o solutions of tetrazoliumchloride. The results showed that a 2%o solution was too strong, that there was little difference between the resultes obtained with a -.1% or a 1%o solution, and that after 3 days of soaking the percentage of colored embryos declined. The declining of the colored embryos suggests that seeds of Bahia grass, if soaked several days, begin to lose vitality. Such a responise is not uiniexpected, because many seeds will not germiniate in water. The seeds absorb water and germination is initiated, but, if kept too long, decomposition occurs.
The second type of test with Bahia grass consisted of soaking the seeds 16 hours in distilled water at 200 C. The seeds were then placed in a Petri dish on moist filter paper and kept in a germinator with ani alternating temperature of 200 C. for 16 hours and 350 C. for 8 hours. Immediately after the initial period of soaking and at subsequent intervals of 24 hours, 50 seeds were removed, sectioned, and placed in a 1To solution of tetrazoliumehloride. At the end of 8 and 24 hours the sections were examined and classified as light-stained, dark-stained, viable, and non-viable. Only those with the entire embryo and scutellum stained light or dark were considered viable (table III) . In all cases the percentage of dark-stained embryos increased markedly as the period of immersion was increased from 8 to 24 hours. Since the embryos niot deeply stained were colored throughout the scutellar region as well as in the embryo proper, they were considered viable. Among the lots kept in the germinator for 1 to 6 days and soaked 24 hours in the chloride solution, the differences in viability, on the basis of 50 seeds, were not significant. On the other hand, the large percentage of dark-stained seeds retaiiied in the germinator for 2 to 4 days after soaking, indicated that such a procedure may be preferable. The viability by this method of this particular lot of Bahia grass seed appeared to be between 90% and 100%. tures of 15°C. for 16 hours alnd 300 C. for 8 hours. At the end -of 9 days all the seeds had produced strong, normal sprouts. Anotlher sample of 200 seeds, treated in the same way except that the temperature alternated fromii 200 to 350 C., gave 95% germination in 5 days. The results indicated that the viability of this lot of seed was nearly 100% which agrees with the inidex of viability as measured by the tetrazoliumchloride method. They also suggested that alternating temperatures of either 150 to 300 C. or 200 to 350 C. were favorable for the germination of Bahia grass seed. RICE SEED Two hundred seeds from each of four varieties of rice were soaked in water for 16 hours at room temperature. Each seed was sectioned longitudinially through the embryo, and one half of each placed in a 1%V solution of tetrazoliumehloride for 4 hours. At the end of the soakingo period the (table IV) . With the exception of the Prelude variety soaking before planting resulted in a higher percentagre of germination, and germination in blotters or sand of presoaked seed agreed with the embryo color reaction.
COTTON SEED
A few attempts were made to apply the tetrazolium color test to cotton seed. One difficulty was that some seeds after soaking overnight were hard and could not be sectioned. Such seeds presumably would not have absorbed water, and germination processes could not have been initiated. Many seeds that did absorb water when sectioned and soaked in a 1% tetrazoliumiiehloride solution stained readily in the embryo region; but the seed coats separated easily from the embryos and cotyledons, and the latter further separated from each other. An evaluation of the color test, therefore, was difficult to make.
Discussion and summary Determiiiiation of living embryos of seeds by means of the color inidicator 2,3,5-triphenyl-tetrazoliumchloride as recommended by LAKON (12) was investigated, using, seeds of several members of the grass faimily, three legumiinous species, buckwheat, and cotton. A comparison of the percentage of stained embryos in a given lot -vith the percentage of normal sprouts obtained in a standard germination test showed close agreement in 13 samples of corn, two samples each of wheat and oats, three samples each of barley anid riee, and one sample each of buckwheat, popcorn, soybean, peas, and Bahia grass. The comparisons for vetch, sorgo, two samples of oats and peas, and one sample of barley were not in close agreement, yet the differences in results shown by the two methods were not great.
AVith the exception of corn the criterion used for classifying grass seeds as viable was the almost complete staining of the embryo proper and scutellumn. Absence of color in the radicle below the mesocotyl region or in the lower half of the scutellum, however, was not considered sufficient grounds for classification of a corln seed as non-viable.
In seeds of pea, soybean, and vetch it is impossible to section through the epicotyl or plumule region regularly. The only cut part, therefore, with which the solution can readily make contact, is the radiele. Development of a radiele in leguminous seeds without consideration of the plumule or epicotyl is insufficient evidence for classification as a normal seedling. For that reason the method investigated may not be applicable to seeds producing baldheads when they germinate.
The method appears to have some merit for seeds of Bahia grass which are difficult to germinate. It is recommended that the hulls be removed before placing the seeds to germinate. This is a tedious and time-consuming process. By the staining method it was possible to soak the seeds 16 hours, place them on a moist substratum at 200 to 350 C. for 3 or 4 days, cutt tlhemi inito sections, and place in the tetrazoliumehloride solution for 24 hours. More samiiples must be tested by this method before definite conclusionis can be stated. When the hulling method is used it is desirable to soak the seeds in a 25% soluLtion of ehlorox to prevent the growth of surface molds.
A standard method of germination mav not be the one that measures the true germinability of a particular kind of seed. For example, in the tests with four varieties of rice the standard method failed to measuire the maximuiilin germinability of the seed of three varieties. When the seeds were soaked and planted in sand or blotters, the percentage germinationi comiipared elosely with the pereentage of stained embryos that were soaked in the tetrazolitlielhiloride solution.
